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BY-NC-ND license (http://creativecomBackground/Purpose: Off-pump coronary artery bypass (OPCAB) reduces the rate of blood
transfusion. No studies have focused on the effect of surgeon experience on the transfusion
rate. We sought to assess the transfusion rate in OPCAB and to evaluate the effect of surgeon
experience.
Methods: Retrospective review of 1055 consecutive patients undergoing OPCAB between 2000
and 2012. Patients were divided into tripartites by the year of operation (2000e2004, 2005
e2008, and 2009e2012). Surgeon experience was evaluated with revascularization index and
conversion rate.
Results: Mode of intervention was elective in 768, urgency in 185, and emergency in 102 patients
(10%). Blood transfusion was associated with increased rates of hospital mortality and sternal
wound/bloodstream infections. Revascularization indexwas 1.22 0.29per patient and increased
over time, from1.05 0.21 in2000e2004 to1.39 0.26 in 2009e2012.Conversion ratewas10%and
decreased over time, from 17% in 2000e2004 to 6% in 2009e2012. The average rate of blood trans-
fusion was 58% and decreased over time, from 74% in 2000e2004 to 41% in 2009e2012. Rate of red
blood cell transfusion was 56% and decreased from 72% in 2000e2004 to 40% in 2009e2012. Rate of
platelet transfusion was 21% and decreased from 25% in 2000e2004 to 15% in 2009e2012.Themost
significant decrease in the transfusion rate was observed in nonemergency cases.
Conclusion: Surgeon experience reduced the need of blood transfusion after OPCAB. Increasing
surgeon experience was associated with a 33% reduction in blood transfusion rate.
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146 J.-W. Chen, R.-B. HsuIntroductionPerioperative blood transfusions are known to increase
morbidity and mortality after coronary artery bypass
grafting (CABG) surgery. Efforts to avoid unnecessary
transfusions and decrease blood transfusion are
important.1e6 CABG has traditionally been performed with
the use of cardiopulmonary bypass, which has been sug-
gested to be related to the increased rate of blood trans-
fusion. The technique of operating on a beating heart or
off-pump coronary artery bypass (OPCAB) was developed
to decrease postoperative complications.7,8 The use of
OPCAB, as compared with on-pump CABG, significantly
reduced the rates of blood transfusion.9e11 Given the
technical difficulty of performing OPCAB, it is likely that a
strong relationship exists between surgeon experience and
the rate of blood transfusion.12,13 However, none of previ-
ous studies have focused on the effect of surgeon experi-
ence on the rate of blood transfusion in OPCAB. The
purpose of this study was to assess the rate of blood
transfusion in OPCAB and to evaluate the effect of surgeon
experience.
Methods
Patients
This was a retrospective, observational, cohort study of
prospectively collected data. We included all consecutive
patients undergoing OPCAB by a single surgeon (R.-B.H.)
between December 2000 and September 2012 at the Na-
tional Taiwan University Hospital, Taipei, Taiwan. No pa-
tient was excluded from OPCAB because of pattern of
coronary artery disease, cardiogenic shock, or emergency
of surgery. Patients who underwent simultaneous valvular
or aortic surgery were excluded. Intention-to-treat data
were obtained in the current study. OPCAB cases that
were converted to on-pump procedures remained in this
study.
National Taiwan University Hospital is a 2200-bed ter-
tiary care hospital. It serves an urban population of two
million as both first-line and tertiary facilities. It serves also
as a referral center for other hospitals in the country with a
population of 23 million people. Dr. Hsu is an attending
cardiac surgeon since 1996. All data were collected by
retrospective chart review. The local Institutional Medical
Ethics Committee approved the study and waived the need
for informed consent.
Surgery
Beginning from December 2000, we stared to treat all
patients with coronary artery disease with CABG without
the use of cardiopulmonary bypass or OPCAB. As described
previously,14 surgery was performed through a median
sternotomy. We harvest the internal mammary artery
using a skeletonized method for clear and precious he-
mostasis. The heparin dose is two-thirds of the standard
dose for cardiopulmonary bypass. The target activatedclotting time is >350 seconds. This is partially reversed
with one-half the calculated protamine dose after the
completion of coronary anastomosis. Cardiopulmonary
bypass was on standby without priming the pump. Oper-
ation was converted to on-pump beating heart coronary
artery bypass if there was hemodynamic compromise
during the procedure. The procedure did not change over
during the study period.
Definition
Emergency surgery patients were defined as unstable pa-
tients with cardiogenic shock or acute coronary syndrome
requiring immediate operation. Urgent patients were
defined as patients with cardiac conditions who were kept
in the hospital before surgery. Elective patients were
defined as clinically stable patients who were discharged
home while waiting for surgery. Cardiogenic shock was
defined as persistent shock even with the use of inotropic
infusion and intra-aortic balloon pumping. The complete-
ness of revascularization was identified by comparing the
number of distal anastomosis with the number of diseased
coronary arteries. Revascularization index was defined as
the ratio of the number of distal anastomosis and the
number of diseased vessels.14e17 If the number of distal
anastomosis equaled the number of diseased vessels, the
revascularization index was 1. The conversion rate means
the ratio of operation being converted from OPCAB to on-
pump CABG.
Transfusion strategy
Patients undergoing elective OPCAB discontinued anti-
platelet therapy (aspirin or clopidogrel) 3e5 days before
surgery. Patients requiring urgent or emergent surgery
continued their antiplatelet therapy. No preoperative
phlebotomy, cell saver blood salvage system, or anti-
fibrinolytic agents were used during the operation. We
adopted a liberal blood transfusion strategy.3 Hemody-
namically stable patients who could be estimated to ach-
ieve a hemoglobin level of 10.0 g/dL were not transfused.
Fresh frozen plasma was administered only for a prolonged
prothrombin time. Because of the high incidence of pre-
operative antiplatelet therapy, platelets were given to all
patients with excessive bleeding.
A total of 1055 consecutive patients underwent OPCAB.
Surgeon experience and the rates of blood transfusion were
determined by summarizing the patient data into tripartite
by the year of surgery. Patients were divided into three
groups. The first cohort, Group 1, consisted of 353 patients
who underwent surgery between the years 2000 and 2004.
The second cohort, Group 2, consisted of 316 patients
which were operated between the years 2005 and 2008.
The third cohort, Group 3, consisted of 386 patients who
underwent surgery between the years 2009 and 2012. Sur-
geon experience was evaluated with a combination of
revascularization index and conversion rate. Data on
baseline patient characteristics, surgery details, perioper-
ative outcomes, and blood transfusion were compared be-
tween groups.
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All statistical analysis was performed with Stata/SE 9.0 for
Windows (StataCorp LP, College Station, TX, USA). Cate-
gorical variables were reported as the percentage of pa-
tients in the subgroup. Continuous variables were
presented as mean  standard deviation. Comparison
between groups was performed using the Chi-square test,
Fishers exact test for categorical variables, and analysis of
variance for continuous variables. Joinpoint regression
analysis was performed over the entire period to identify
years when significant changes in blood transfusion
percent occurred. A two-tailed p < 0.05 was considered
significant.Table 1 Clinical data of 1055 patients undergoing off-pump co
Year of operation Group 1
2000e2004
Case No. Total 353
Emergent 38 (11)
Urgent/elective 315 (89)
Age (total; y) 64.9  10.7
Male sex 280 (79)
Reoperation 8 (2)
No. of disease vessels Total 2.7  0.6
Emergent 2.6  0.6
Urgent/elective 2.7  0.6
Left main disease Total 94 (27)
Emergent 11 (29)
Urgent/elective 83 (26)
Cardiogenic shock Total 26 (7)
Emergent 22 (58)
Urgent/elective 4 (1)
Use of IABP Total 21 (6)
Emergent 7 (18)
Urgent/elective 14 (4)
Conversion rate Total 60 (17)
Emergent 21 (55)
Urgent/elective 39 (12)
Blood transfusion rate Total 262 (74)
Emergent 36 (95)
Urgent/elective 226 (72)
Transfusion of red blood cells Total 253 (72)
Emergent 35 (92)
Urgent/elective 218 (69)
Transfusion of platelet Total 90 (25)
Emergent 26 (68)
Urgent/elective 64 (20)
No. of distal anastomosis Total 2.8  0.8
Emergent 2.4  0.7
Urgent/elective 2.8  0.8
Revascularization index Total 1.1  0.2
Emergent 0.9  0.2
Urgent/elective 1.1  0.2
Hospital mortality Total 15 (4)
Emergent 10 (26)
Urgent/elective 5 (2)
Data are presented as n (%) or mean  standard deviation.
IABP Z intra-aortic balloon pump.Results
Patients
Data of baseline patient characteristics were listed in
Table 1. There were 845 males and 210 females with the
median age of 67 years (range, 26e91 years). Mode of
surgical intervention was elective in 768 patients, urgency
in 185 patients, and emergency in 102 patients (10–>%).
The percentage of cardiogenic shock was 6.3%. The overall
hospital mortality rate was 5%; 0.4% in elective cases, 8.6%
in urgency cases, and 33% in emergency cases. The major
causes of in-hospital death were severe cardiogenic shockronary artery bypass.
Group 2 Group 3 Total p
2005e2008 2009e2012
316 386 1055 0.286
34 (11) 30 (8) 102 (10)
282 (89) 356 (92) 953 (90)
66.6  11.0 66.1  10.9 65.8  10.9 0.113
254 (80) 311 (80) 845 (80) 0.903
4 (1%) 3 (1%) 15 (1%) 0.229
2.8  0.4 2.9  0.4 2.8  0.5 <0.001
2.8  0.6 2.6  0.7 2.7  0.6 0.485
2.8  0.4 2.9  0.4 2.8  0.5 <0.001
124 (39) 133 (34) 350 (33) 0.002
13 (38) 7 (23) 31 (30) 0.428
111 (39) 126 (35) 319 (34) 0.002
17 (5) 23 (6) 66 (6) 0.442
17 (50) 21 (70) 60 (59) 0.271
0 (0) 2 (1) 6 (1) 0.144
26 (8) 12 (3) 59 (6) 0.013
12 (35) 5 (17) 24 (24) 0.141
14 (5) 7 (2) 35 (4) 0.091
25 (8) 23 (6) 108 (10) <0 .001
11 (32) 12 (40) 44 (43) 0.137
14 (5) 11 (3) 64 (7) <0.001
190 (60) 159 (41) 611 (58) <0.001
30 (88) 27 (90) 93 (91) 0.609
160 (57) 132 (37) 518 (54) <0.001
182 (58) 155 (40) 590 (56) <0.001
28 (82) 25 (83) 88 (86) 0.424
154 (55) 130 (37) 502 (53) <0.001
71 (22) 56 (15) 217 (21) <0.001
22 (65) 18 (60) 66 (65) 0.776
49 (17) 38 (11) 151 (16) <0.001
3.4  0.9 4.0  0.9 3.4  1.0 <0.001
2.5  0.9 2.9  1.0 2.6  0.9 0.112
3.5  0.8 4.1  0.9 3.5  1.0 <0.001
1.2  0.3 1.4  0.3 1.2  0.3 <0.001
1.0  0.3 1.1  0.3 1.0  0.3 0.056
1.3  0.3 1.4  0.2 1.3  0.3 <0.001
16 (5) 22 (6) 53 (5) 0.666
11 (32) 13 (43) 34 (33) 0.339
5 (2) 9 (3) 19 (2) 0.652
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in two patients, ventricular tachycardia/fibrillation in one
patient, and aortic rupture in one patient. Among 102
emergency cases, 17 patients had severe cardiogenic shock
requiring extracorporeal membrane oxygenation before
surgery. These patients underwent on-pump beating heart
CABG under partial cardiopulmonary bypass or extracor-
poreal membrane oxygenation, and 13 of them (76%) died
of persistent shock after operation. The overall conversion
rate was 10% (107/1055).
Surgeon experience
As shown in Table 1, patient data were compared between
groups. There were negligible differences in age, sex, and
percentages of emergent surgery and cardiogenic shock.
The in-hospital mortality rate remained stationary and
ranged from 4% in Group 1 to 6% in Group 3. The hospital
mortality rate of nonemergency cases was 2% and ranged
from 1.6% to 2.5%. During the study period, the rate of in-
hospital mortality remained relatively constant with only
small, nonsignificant fluctuations (Table 1). In addition, the
mean number of diseased vessel per patient increased
significantly over time, from 2.67  0.56 in Group 1 to
2.88  0.40 in Group 3. The mean number of distal anas-
tomosis per patient was 3.43  1.01 and increased over
time, from 2.79  0.76 in Group 1 to 3.41  0.90 in Group 3.
The mean revascularization index per patient was
1.22  0.29 and also increased over time, from 1.05  0.21
in Group 1 to 1.39  0.26 in Group 3. The most significant
increases in the number of distal anastomosis and revas-
cularization index were observed in nonemergency cases
(Table 1). Furthermore, the overall conversion rate was 10%
and decreased over time, from 17% in Group 1 to 6% in
Group 3. The mean conversion rate in nonemergency cases
was 7% and decreased over time, from 12% in Group 1 to 3%
in Group 3.
Blood transfusion
Data on blood transfusion were compared between groups
and shown in Table 1. The average rate of blood transfusion
was 58% and decreased over time, from 74% in Group 1 toFigure 1 Rates of blood tran41% in Group 3. The rate of transfusion with packed red
blood cells was 56% and also decreased over time, from 72%
in Group 1 to 40% in Group 3. The rate of transfusion with
platelets was 21% and also decreased over time, from 25%
in Group 1 to 15% in Group 3. The most significant decrease
in the rate of blood transfusion was in nonemergency cases
(Table 1). The rates of blood transfusion over years were
plotted in Fig. 1. It decreased steadily as the volume of
OPCAB increased. The rates of blood transfusion in emer-
gency and urgent/elective cases over years were plotted in
Fig. 2. The most significant decrease of transfusion rate was
in nonemergency cases (Joinpoint regression, p < 0.001 in
nonemergency and p Z 0.65 in emergency).
Perioperative outcome
The relationship of blood transfusion and major perioper-
ative outcomes were listed in Table 2. Old age, female sex,
emergency surgery, and cardiogenic shock were more
frequent in patients with blood transfusion. Patients with
blood transfusion received fewer bypass grafts and had
increased rates of sternal wound or bloodstream infections
and hospital mortality. On multivariate logistic regression
analyzing all the variables listed in Table 2, blood trans-
fusion emerged as the only independent predictor of post-
operative sternal wound or bloodstream infections (odds
ratio, 8.34; 95% confidence interval, 2.463e28.233;
p Z 0.001).Discussion
This is the first study that establishes a relationship of
surgeon experience and blood transfusion rate in patients
undergoing OPCAB. This study summarizes an 11-year
experience of a single surgeon to perform OPCAB pro-
cedures. The current cohort included both emergency and
cardiogenic shock patients who were often excluded by
other studies. There are two important findings: (1) peri-
operative blood transfusion was associated with signifi-
cantly worse morbidity and mortality; and (2) surgeon
experience reduced the need of blood transfusion
after OPCAB. The current study emphasizes that bloodsfusion stratified by years.
Figure 2 Rates of blood transfusion in emergent and urgent/elective cases.
Surgeon experience and transfusion in OPCAB 149conservation could be accomplished without excessive
technology and pharmacy. As a result of increasing surgeon
experience, a 33% reduction in blood transfusion rate was
observed.
Blood transfusion
Blood transfusion carries benefits and risks in patients un-
dergoing cardiac surgery. Perioperative blood transfusion is
strongly associated with nosocomial infection, hospital
stay, increased early and late mortality, and hospital costs.
The identified risk factors include age, sex, bodyTable 2 Transfusion and perioperative outcomes.
Transfusion Nontransfusion p
(n Z 611) (n Z 444)
Age (y) 68.3  10.5 62.5  10.5 <0.001
Male sex 456 (75) 389 (88) <0.001
Reoperation 12 (2) 3 (0.7) 0.113
Number of
diseased vessel
2.8  0.5 2.8  0.5 0.686
Left main disease 216 (35) 135 (30) 0.098
No. of distal
anastomosis
3.2  1.0 3.7  1.0 <0.001
Cardiogenic shock 63 (10) 3 (0.7) <0.001
Emergency 93 (15) 9 (2) <0.001
Use of intra-aortic
balloon pump
50 (8) 9 (2) <0.001
Conversion 104 (17) 5 (1) <0.001
Hospital mortality 51 (8) 2 (0.4) <0.001
Sternal wound
infection
21 (3) 3 (1) <0.001
Bloodstream
infection
27 (4) 0 (0) <0.001
Stroke 9 (1) 3 (0.7) 0.258
Ventricular
tachycardia
18 (3) 7 (2) 0.218
Data are presented as n (%) or mean  standard deviation.surface area, preoperative renal function, preoperative
hemoglobin, preoperative antiplatelets, surgical priority,
cardiopulmonary bypass, intraoperative hemodilution, and
postoperative blood loss. Some of these risk factors are
directly related to the use of cardiopulmonary bypass.1e6
Banbury et al,6 in a review of >15,000 patients undergo-
ing cardiopulmonary bypass surgery, found a strong asso-
ciation between the use of transfusion and postoperative
infection, including bloodstream and sternal wound in-
fections. We had a similar result. Blood transfusion was
associated with increased rates of sternal wound or
bloodstream infections and hospital mortality. Neverthe-
less, most of the previous studies linking transfusion to
outcomes, including ours, are observational or retrospec-
tive and document only an association, not a real cause-
effect relationship.1e6 In a randomized controlled study
comparing liberal and restrictive transfusion strategies in
cardiac surgery, there were no significant differences in
individual outcomes; however, more adverse events were
observed in the restrictive group.18 To date no randomized
controlled trial has determined the optimal transfusion
threshold at which the risk of permissive anemia exceeds
that of blood transfusion in cardiac surgical patients.
Methods of blood conservation include autologous
transfusion of blood withdrawn before bypass, autotrans-
fusion of shed mediastinal blood, strict protocols for
transfusion, acceptance of normovolemic anemia and use
of antifibrinolytic agents.19 However, some of them have
adverse effects.19 In this study, we adopted a liberal
transfusion strategy and no use of preoperative phlebot-
omy, cell saver blood salvage system, or antifibrinolytic
agents.
Off-pump coronary artery bypass
OPCAB reduced bleeding and the need for perioperative
blood transfusion. In a large study involving 102,470 pa-
tients undergoing isolated on-pump CABG, there was a wide
variability in the blood transfusion rates, which ranged
from 7.8% to 92.8%. The average rates of perioperative
transfusion were 56.1% for packed red blood cells and 24.7%
150 J.-W. Chen, R.-B. Hsufor platelets. However, patients with OPCAB were
excluded.20 Over the past decade, OPCAB has become an
alternative to on-pump CABG. Despite numerous large
retrospective studies that have demonstrated a benefit
with OPCAB compared with on-pump CABG, randomized
prospective studies have failed to show a survival ben-
efit.21e23 There are two major concerns: patient selection
bias and surgeon experience.10,17
Learning curve analyses have found that surgical per-
formance significantly improves over the course of an in-
dividual surgeon’s career.24 There is a trend that
procedures of low technical complexity have less significant
improvements compared with procedures of high technical
complexity as a result of cumulative experience.25 Given
the technical difficulty of performing OPCAB, a strong
relationship exists between OPCAB volume and out-
comes.12,13,26 The successful performance of OPCAB is more
dependent on the surgical proficiency than is on-pump
CABG because of the inherent difficulties in performing a
delicate anastomosis on a beating heart and the potential
degree of complete revascularization. Patients in the
OPCAB group were more likely to have fewer grafts and
incomplete revascularization.10,11,21,22 Surgeon experience
also influenced the conversion rate. The rate of conversion
depends on surgeon experience and patient selection.27,28
In order to study the surgeon experience in OPCAB, we
examined the trends of revascularization index and con-
version rate over time in a single surgeon’s practice. In the
current study, the conversion rate decreased over time.
The mean number of distal anastomosis and revasculariza-
tion index per patient increased over time. The average
rate of blood transfusion was 58% and decreased from 74%
in 2000e2004 to 41% in 2009e2012. The rate of blood
transfusion with packed red blood cells or platelets also
decreased over time. The most significant decrease in the
rate of blood transfusion was observed in nonemergency
cases. The rate of blood transfusion in nonemergency cases
decreased dramatically from 100% in 2000 to 18% in 2012
(Fig. 2). These data reinforce the effect of cumulative
surgeon experience in achieving operative excellence.Study limitations
Several limitations of our study should be recognized. First,
this study was retrospective, spanning more than a decade,
and small in patient population. Thus, we did not properly
examine the effect of critical care progress on major
postoperative outcomes. The perioperative management
continued to evolve and change during the study period.
Nevertheless, the transfusion thresholds did not change
during the course of study. Second, data on red blood cells,
platelets, and fresh frozen plasma transfusions have not
undergone audit. We relied on electronic blood bank re-
cord. Therefore, we cannot be absolutely sure of the ac-
curacy of the transfusion amount. Third, the long-term
outcomes including graft patency and major adverse car-
diovascular events were not assessed. Thus, the exact
quantification of blood conservation necessary to reach a
clinical benefit in OPCAB is still unknown. However, this is
the first study addressing the effect of surgeon experience
on the rate of blood transfusion in OPCAB. This study hasimportant implications. The commitment to surgical tech-
nique is more important than any particular technique of
blood conservation in OPCAB. We believed that the ma-
jority of the improved result was attributed to teamwork
and not merely surgeon technical skill. More effective
teamwork occurs as cardiac fellows, anesthesiologists, and
nursing staffs become more accustomed to a specific sur-
geon’s technical and procedural preference.
Conclusions
Surgeon experience reduced the need of blood transfusion
after OPCAB. Increasing surgeon experience was associated
with a 33% reduction in blood transfusion rate.References
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